Supplementary Figure 1. Model reactions. (a) Model primary amine-anhydride coupling reactions performed in an NMR tube at room temperature (see supplementary methods). (b) 1 H NMR characterization of the model reaction involving cyclohexylamine and 2bromopropionyl anhydride. (c) 1 H NMR characterization of the model reaction involving cyclohexylamine and 2-bromoisobutyryl anhydride.
iterative steps on the solid support S1 (purple line) or on the soluble support S2 (dark-blue line). These data correspond to Entries 13-14 in Supplementary Table 1 15 -0-T-0-T-0-T-0- 0000 S1 888.4804 -1020 957 1.019
1156.6955 1156.6958 1199 1001 1.060 Figure 1a) . Two different anhydrides, 2-bromopropionyl anhydride and 2-bromoisobutyryl anhydride, were reacted with cyclohexylamine. The latter cyclic compound was selected to mimic 4-amino-TEMPO. In all cases, 30 mg of anhydride (2 Eq.), requisite quantity of amine (1 Eq.), K 2 CO 3 (3 Eq.) along with 0.5 mL of CD 3 CN was taken in an NMR tube. Directly after addition of the components, a first 1 H NMR spectrum was recorded ( Supplementary Figure 1b-c ). In both model reactions, the methine proton of cyclohexylamine adjacent to the amine group at 2.5 ppm (proton a) fully vanished and were replaced by new peaks around 3.5 ppm corresponding to a methine proton adjacent to an amide bond (proton a' and a" in Supplementary Figures 1b-c Wang soluble polystyrene support S2 (M n = 5700 g·mol -1 ; M w /M n = 1.10) and can be understood as a general procedure for the synthesis of poly(alkoxyamine amide)s on a cleavable soluble support. Steps E2 and E3 can be repeated a certain number of times in order to reach an oligomer of desired length.
Removal of the Fmoc-group. 0.6 g of S2 was dissolved in a mixture of piperidine/DCM
(1/1, 6 mL) and the solution was stirred for 1.5h at room temperature. The reaction mixture was concentrated under reduced pressure and precipitated in methanol. The precipitate was collected by filtration, washed with methanol and dried in vacuum.
Attachment of the 1-motif to the soluble support S2. The amine terminated polymer S2
(0.50 g, 1 Eq.) along with a-1 (0.166 g, 6 Eq.) and K 2 CO 3 (0.181 g, 15 Eq.) were dissolved in 5mL of THF. The solution was stirred for 50 min at room temperature. After reaction, the solvent was removed under reduced pressure. The resulting white solid was dissolved in THF and filtered. The filtrate was concentrated under reduced pressure and precipitated in MeOH.
The precipitate was filtered, washed with MeOH and dried. As a result, measuring the mass of the two smallest neutrals released from the precursor ions allows the highest congeners of each product ion series to be identified, and so the coding unit linked to each termination. Then, measuring the distance between consecutive peaks from c n •+ down to c 2 •+ and from y n •+ down to y 2 •+ allows the binary (1, 0) sequence in the precursor ion to be reconstructed, starting from the  or αchain-end, respectively. However, it is important to note that the smallest congeners in each series (i.e., c 1 •+ and y 1 •+ ) were never observed. As shown in Figure 3b -c, isomers composed of one 0 and two 1 coding units can readily be distinguished when applying these sequencing rules. Longer sequences can also easily be deciphered as shown in Figure 1e . (2011) 
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